Here we show additional RSMs and XRD scans (Figures S1-S3), and additional transmission electron microscopy (TEM) images and energy dispersive X-ray spectroscopy (EDX) analyses of two selected BaTiO3 (67%)-BiFeO3 (33%) composite samples grown at 0.01 mbar ( Figures S4-S7 ), and at 0.25 mbar (Figures S7-S11 ). Furthermore, we show further details of magnetoelectric voltage coefficients ( Figure S12 ), corresponding ferroelectric hysteresis loops ( Figure S13 ), as well as FIB extractions and low-resolution scanning transmission electron microscopy (STEM) images from the field emission scanning electron microscope (FEM) (Figures S14 and S15) . Therefore, the differences of film reflections are attributed to the mosaizity and multi-domain structure of STO substrates, i.e., left side substrate peaks in (a) and (c) are broadened or split horizontally, respectively. More structural data of these four samples are listed in Table 1 . STO stands for SrTiO3.
(c) (d) Figure S1 . Effect of substrate mosaizity of samples (a) G5562b grown at 0.1 mbar, and (c) G5561b grown at 0.15 mbar on composite film mosaizity, as shown in the left RSMs. The samples (b) G5562d and (d) G5561d shown right are grown simultaneously with the left samples (a) and (c), respectively. Therefore, the differences of film reflections are attributed to the mosaizity and multi-domain structure of STO substrates, i.e., left side substrate peaks in (a) and (c) are broadened or split horizontally, respectively. More structural data of these four samples are listed in Table 1 . STO stands for SrTiO3. Figure S2 . XRD 2θ-ω scans of BaTiO3-BiFeO3 composite thin films grown on SrTiO3:Nb (001) at the indicated oxygen partial pressures. Note the Kα1/2 splitting with intensity ratio 2:1 of each peak. These 004 composite peak positions are used for calculation of the out-of-plane lattice constants in Figure 1b and Table 1 .
(a) (b) Figure S3 . Effect of BaTiO3-BiFeO3 mixing ratio as visible in RSMs around SrTiO3(001). (a) is a 67 wt %-33 wt % composite, and (b) a 33 wt %-67 wt % composite film, respectively, both grown at 0.01 mbar. Horizontal film peak width (FWHM) as a measure of tilt mosaizity is (a) 0.069°, and (b) 0.600°. See [11] for more details. Figure S4 . STEM dark-field image of sample G4188 grown at 0.01 mbar; (110) cross section. The EDX maps show the homogeneous distribution of indicated elements in the cross section. Figure S5 . STEM bright-field of sample G4188 grown at 0.01 mbar; (110) cross section. The SAED images stem from the encircled regions in the cross section. Figure S6 . EDX measurements of the composite film G4188 grown at 0.01 mbar. Note, the Cu-peak stems from the copper sample holder. There is no significant change of composition inside the layer, i.e., the layer is homogeneous, see EDX maps. The inset shows the element concentrations as average of 5 measurements together with standard deviations. Note the increased Bi deficit with the lower growth pressure in comparison to Figure S9 . Figure S15 . FEM images of BaTiO3-BiFeO3 composite films on SrTiO3:Nb 0.5%, with granular Pt layer of about 100 nm on top, for samples (a) G4187, (b) G4788, (c) G5084, and (d) G5086. Only the scan-rotated images give the correct film thickness marked by "cs".
